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Abstract 
 
Landslides, as geomorphological processes, have a major impact on land use, degree of stability for transport and 
residential infrastructure, recently present an encreased dynamics as a result of increased superfluous precipitations and 
a lack in applying stability measures for susceptible slopes, assessing farmland into a certain degree of risk. Therefore, 
the first methodological step for this study was to determine the probability of appearing landslides in the area, using 
the Bivariate Statistical Analysis (BSA), taking into account the influence of each morphometric factor: altitude, 
gradient, slope orientation, fragmentation depth and density, the average annual temperature, rainfall quantity, flooding 
and geology. In order to obtain spatial probability of occurrence of landslides, conditional of causative and releasing 
factors, GIS technology has been used in order to determine in the end the vulnerability of land for its land use classes, 
based on landslides exposure. The final assessment of this study treats the framing of risk classes, imposed by the 
probability of appearance landslides based on land use classes at each administrative territorial unit that belongs to the 
Intercommunity Association for Development Alba Iulia. This measures represent extremely useful base and support 
for the decisional process of spatial planning, as a result of quantity and quality of the results obtained. 
Keywords:  land-use, vulnerability, landslide, risk assessment. 
 
1. Introduction 
 
Agricultural production and the type of crops 
applied to different land is directly influenced by 
environmental conditions and lately, under 
anthropogenic factor, which can decrease or 
increase the restrictive character or favorable 
character of a territory. 
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Environmental conditions represent those 
elements that provides „spatial framework of 
vegetative existence” [30], like: relief by its 
microforms, altitude, fragmentation degree, slope 
exposure and gradient, rocks, climatic factors (air 
and soil temperature, amount of rainfall, excess and 
lack of rainfall and humidity), hydrological and 
hydrogeological factors (density of hydrographic 
network, groundwater) and lithological and 
pedological factors (texture, useful edaphic volume, 
porosity etc.). 
From geomorphological processes category 
that print a high risk degree to farmlands, it stands,  
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among soil erosion [9, 16], landslides which lead to 
planning issues of affected lands, degrease of 
agricultural productivity and difficulties in field 
work [2, 3, 4, 11, 20, 29]. 
 
 
 
 
 
 
 
Figure 1. Geographic position of Intercommunity Association for Sustainable Development Alba Iulia (1-Gârda 
de Jos, 2-Teiuş, 3- Cricau, 4-Ighiu, 5-Meteș, 6-Sântimbru, 7-Alba Iulia, 8-Berghin, 9-Ciugud,  
10-Vinţu de Jos, 11-Sebeş) 
 
 
 
Considering the aim of this study, to identify 
the induced risk on farmlands by high probability of 
landslides appearance, the main morphometric and 
morphographic characteristics were identified, 
associated with major relief units within studied 
area, that have direct and indirect influence among 
the appearance and dynamics of farmlands. 
Intercommunity Association for Development 
Alba Iulia is composed by 11 administrative 
territorial units (Fig. 1), occupying 936 km2, which 
correspond for 14.9% of total surface of Alba 
County. The main objective of Intercommunity 
Association for Development Alba Iulia is to 
develop the area by identifying its favorable 
elements, aiming for economic prosperity and 
increasing quality of life in region.  
The objective of the strategy include: 
insurance and development of local and regional 
territorial infrastructure; economic development 
based on competitiveness and jobs; rural sustainable 
development; exploitation of natural potential of 
community [38].  
Regarding the current usage of land, it stands, 
for 299 km2, arable use, which fulfill for 31% of the 
analyzed territory, followed by pasture use on 241 
km2 (Table 1).The analiyzed territory in located in 
south-west of Transilvania Depression, where the 
hill and plateau sector is well represented for 
median and eastern sector by broad surfaces of 
Intersecașelor Plateau, Aiud Hills or Lopadei 
Plateau and by eastern slopes of Ampoiului 
Mountains and Bedeleului Peak (as regionalization 
made by Posea, Gr., and Badea, L., in 1984 
confirms), which represent a third part of analyzed 
territory. In Transilvania Depression, early studies 
identified the morphographic and morphometric 
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factors representative in landslides study [21], as 
well as the emphasized dynamics and the tendency 
of speeding landslide events based on the analysis 
for shuttering cumulative rainfall of landslides [25]. 
 
Table 1. Spatial extend of land use classes 
Crt. Land use  km2 % 
1 Discontinuous urban fabric 263.86 28.14 
2 Complex cultivation patterns 26.24 2.80 
3 Coniferous forest 0.75 0.08 
4 Discontinuous urban fabric 51.88 5.53 
5 Fruit trees and berry plantations 2.83 0.30 
6 Industrial or commercial units 5.98 0.64 
7 Inland marshes 0.46 0.05 
8 Land principally occupied by agriculture, with significant areas of natural vegetation 11.46 1.22 
9 Mixed forest 6.27 0.67 
10 Non-irrigated arable land 299.44 31.93 
11 Pastures 241.00 25.70 
12 Road and rail networks and associated land 0.75 0.08 
13 Sparsely vegetated areas 1.54 0.16 
14 Sport and leisure facilities 1.24 0.13 
15 Transitional woodland-shrub 7.65 0.82 
16 Vineyards 7.77 0.83 
17 Water bodies 0.38 0.04 
18 Water courses 8.22 0.88 
(Land use classes were obtained by processing CORINE Landcover data base, 2006) 
 
 
 
2. Database and Methodology 
 
Given the main purpose of this study, it was 
necessary to realize a database of conceptual and 
informational dates that describes as real as possible 
the complexity of problems analyzed, considering 
the complexity of studied area (Fig. 2).  
With GIS (Geographic Information 
System) technology was possible to explore 
maps that contain as well as territorial placement 
of characteristic factors, but also the qualitative 
and quantitative information specific for the 
phenomena identified [26, 31, 32], starting from 
primary, derivate and moderate databases (Table 
2). Thus, the emphasis rest on identifying territorial 
areas where local characteristics and causal factors 
are working together, causing landslides 
characterized by a certain intensity, magnitude and 
frequency. Nationally, according to H.G. 447/2003, 
completed in 2013, it is recommended to evaluate at 
large scale (< 1 : 50.000), which will allow 
assessment of safety infrastructure works (roads, 
railways etc.) and which requires a deterministic-
probabilistic approach.  
 
Statistical analysis applied to identify 
susceptibility to landslides was previously used both 
in regional studies, as in detalied studies by Micu 
and Bălteanu (2009), Bilașco et. al., (2011), Petrea 
et. al., (2014), Roșca el., al., (2015b) and in 
literature abroad, using bivariate statistical analysis: 
Pachauri and Pant (1992); Chung et.al., (1995); 
Nagrajan et. al., (1998);  Chung and Fabbri, (1999); 
Dhakal et. al.,  (2000); Rautela and Lakhera, (2000); 
Saha, (2002); Sarkar Kanungo (2004), Magiulio et. 
al., (2008); Brunetti et.al., (2010) etc. [4-38]. 
This involves calculating a statistical value 
for each class of each factor involved in model, 
based on the density of landslides in the analyzed 
territory (Table 3), being recommended to use 
representative homogenous territorial units for the 
analyzed region, which will help maximize the 
intern homogeneity and inter-unit heterogeneity 
[12]. Working base, for models that are using cause-
effect relationship consists from detailed inventory 
of active landslides, achieved on recent satellite 
images, and by validating those on land. This 
database will represent the support for the spatial 
analysis achieved using ESRI ArcMap 10.1 technology.
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Figure 2. Database and conceptual model 
 
Table 2. Database structure 
Nr. Database Structure type Source/resolution 
Database 
type 
1. Contour lines vector Topographic maps, 1:25.000 Primary 
2. DEM Raster (grid) 20 m Modelled 
3. Flooding vector Flooding map, 1:2000.000 Primary 
4. Slope Raster (grid) degrees Derived 
5. Aspect Raster (grid) Derived from DEM Derived 
6. Drainage density Raster (grid) m/km2 modelled 
7. Depth Raster (grid) m modelled 
8. Lithology 
vector Geological map, 1:200000 Primary 
Raster (Grid) Conversion – 20 m Derived 
9. Precipitation data Raster (grid) -interpolation with a statistical  model modelled 
10. Temperature data Raster (grid) -interpolation with a statistical  model modelled 
11. Landslide areas 
vector Spot Images, orthophotograps, GPS points 
primary 
derived 
Raster (Grid) Conversion – 20 m Derived 
12. Land use 
vector Conversion – 20 m primary 
Raster (Grid) Conversion – 20 m derived 
13. Risk map grid Equations of spatial analysis (20 m resolution) modelled 
 
 
There were identified thus a number of  95 
areas that present active landslides, which allowed 
to obtain a realistic picture of the expansion 
phenomena analyzed and accounting the statistic 
value of the releasing lever and causative factors 
integrated in model, based on the equation proposed 
by Yin and Yan in 1988 and by Jade and Sarkar in 
1993: 
 
                        , (1) where: 
 
Ii = the statistical value of analyzed factor 
Si = the area affected by landslides for 
analyzed variable  
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Ni = the area occupied by the analyzed 
variable 
S = the total area of landslides from the basin 
N = the catchment area 
 
 
 
Table 3. The specific classes and statistical values used for modelling 
C
ri
te
r
ia
 
Characteristic interval Statistical 
value 
% 
A
lt
it
u
d
e 
165-200 m (Terraces, meadows) -1.066 2 % 
201-500 m (Low and medium hills) 0.271 94 % 
501-750 m (High hills) -0.566 4 % 
751-1000 (Very high hills) 0 
0 
0 
0 1001-1250 m (Mountains with low altitude) 
S
lo
p
e 
≤2 (Horizontal) 
2,1-5 (Very weak sloping) 
5,1-10 (Weak sloping) 
10,1-25 (Moderate sloping) 
25,1-50 (Strong sloping ) 
50,1-100 (Very strong sloping) 
>100 (Declivitous) 
-2.221 
-1.301 
-0.110 
0.404 
-0.351 
0 
0 
0.01 % 
1 % 
10 % 
77 % 
11 % 
0 
0 
A
sp
ec
t 
N 
NE 
E 
NW 
S 
SW 
W 
SE 
-0,330 
-0,313 
-0,097 
0,333 
-0,127 
-0,128 
0,306 
0,031 
6 % 
7 % 
11 % 
23 % 
10 % 
8 % 
20 % 
15 % 
R
el
ie
f 
en
er
g
y
 
˂10 0 5 % 
10.1 - 50 -2,622 9 % 
50.1 - 150 0,612 14 % 
150.1 - 300 3,738 19 % 
300.1 - 500 0 24 % 
500.1 - 511.7 0 29 % 
F
ra
g
m
en
ta
ti
o
n
 
d
en
si
ty
  
0 - 0.5 0,108 
0,971 
-0,250 
-1,084 
0 
0 
5 % 
9 % 
14 % 
19 % 
24 % 
29 % 
0.5 - 1 
1.1 - 2 
2.1 - 4 
4.1 - 6 
6.1 - 6.2 
In
u
n
d
ab
il
it
y
 
Seldom flooded  
Unflooded  
-1,929 
0,062 
13 % 
87 % 
 
 
 
 
Spatial identification of areas with different 
probabilities of landslides appearance requested 
completion of spatial analysis equation (2), 
consisting from raster database structure, 
representing the factors that are involved in 
modelling: 
 
 
"1_alun"+"2_panta"+"3_umbr"+"4_adanc"+"5_dens"+"6_inundab"+"7_temp"+"8_pp"+"9_geol"          (2) 
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where:   
Id5- ”1_alun....” – raster database that show the  
                      indicators involved in modelling 
”+” – mathematical ID for addition 
 
The vulnerability of land at landslides based 
on their appearance, expresses the degree of 
possible losses for the manifestation of this events; 
the quantification and integration of this elements is 
achieved more often using territorial framing 
according to susceptibility classes (if there was 
made just a spatial analysis of the probability of 
appearance of risk generating processes), based on 
the analysis of the releasing factors [1, 24, 32]. 
 
 
Table 3. The specific classes and statistical values used for modelling - continued 
C
ri
te
ri
a
 
Characteristic interval Statistical 
value 
% 
G
eo
lo
g
y
 
Preluvial deposits, gravels, sands 
Dacite 
Conglomerates, sandstones, marls 
Marls, clay, sandstones, limestones 
Conglomerates, sandstones 
Andesites 
Conglomerates, sandstones, marls (Râmet) + marnolimestones 
(Brădești) 
Spil 
Current deposits 
Conglomerates, sandstones, marls and clay  (Goșau facies) 
Massive limestone  
Shales, sandstones, conglomerates 
Gravels, sands, debris 
Blocks, gravels, sands 
Stromatite, shales (lower Fenes leyers) 
Conglomerates, limestones, gypsum, salt, tuffs, sandstones 
Basalts (melaf and diabase) 
Colluvial deposits 
Marls, sands, sandy marls 
Conglomerates, sandstones, striped and violaceous clay marls 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.031 
0,144 
0 
0.044 
0 
0.265 
0.020 
0 
0.46 
0.90 
0 % 
0 % 
0 % 
0 % 
0.45 % 
0 
0 
0 
0 
0 
0 
2.09 % 
0 
0.64 % 
0 
3.85 % 
0 
0 
6.69 % 
13.1 % 
 
Conglomerates, sandstones, wildflysch 
Gravels, sands, marls, coal, sandy marls 
Conglomerates, sandstones, marls with innocerami 
Gravels, sands 
0.35 
3,84 
0.075 
0.76 
5.09 % 
55.9 % 
1.09 % 
11.04 % 
T
 m
a 
5,61 - 6 
6,1 – 7 
7,1 – 8 
8,1 – 9 
9,1 – 9,64 
0 
0 
-1,094 
0,192 
0,047 
7 % 
13 % 
20 % 
27 % 
33 % 
P
P
 m
 a
 
(m
m
) 
596 – 600 
601 – 700 
701 – 796 
0 
0,066 
0 
0 
100 % 
0 
 
 
The risk  induced by landslides is the 
expression of spatial probability of appearance of 
landslides and by  damages and modifications 
occurred in the environment, based on the 
vulnerability of the exposed elements; taking into 
account aspects like: if probability is reduced, 
regardless the vulnerability class, the risk will be 
reduced; as in cases where, if in analyzed surface 
there are no elements exposed to risk, so 
vulnerability is low, regardless of vulnerability class 
that characterizes the territory concerned, the risk 
will also by low. 
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Using Overlay technique, there were 
identified, for each administrative level of territories 
from Intercommunity Association for Development 
Alba Iulia, the risk classes induced by landslides on 
land use classes. 
 
3. Results and Discussions 
 
Following the analysis of causal and releasing 
factors of landslides from administrative territorial 
units from Intercommunity Association for 
Development Alba Iulia, with the highest specific 
value, therefore with the highest influence, from 
geological factors are distinguished: gravels, sands, 
clay, coals, sandy marls (3.84); conglomerates, 
sandstones, striped and violaceous clay marls (0.90); 
gravels, sands (0.76); marls, sands and sandy marls 
(0.46); conglomerates, sandstones, wildflysch with a 
specific statistical value of 0.35. In the category of 
morphometric factors there is a high density of 
landslides on moderately inclined slope class (10.1-
25%), with a statistical value of 0.404, territories 
characterized by relief energy ranging from 150.1-
300 m (3,738) and 50.1-150 m (0.612), with o 
fragmentation density between 05.1 (0.971) and an 
W (0.306) and NW (0.333) orientation. 
 
 
Figure 3. The probability of landslides occurrence  
 
The most stabile territories characterized by 
negative values are represented in areas with low 
relief energy (10.1-50 m), with the lowest value of -
2.622, with high temperature (7.1-8⁰C): -1.084, with 
low slope ≤ 2 (-2.221) and very low inclined (2.1-5): 
-1.301 and a SW (-0.128) and South (-0.127) 
orientation (Table 2).  
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The result obtained after applying formula 
no. 2, with values between -9.5 and -6.7 was 
reclassified on 5 classes, using the Natural Breaks 
reclassification criteria, which identifies the limit 
points between classes, thus maximizing in this way 
the differences:  very low probability (-9.5…-5.7); 
low probability (-5.7…-2.6); medium probability (-
2.6…0.3), high probability (0.3…2.7) and very high 
probability (2.7…6.7) (Fig.3).  
The largest share of the territory is 
characterized by a high probability for 36% of the 
analyzed surface and very high for 26%.  
 
 
 
Figure 4. Percentage distribution of probability classes 
 
Regarding framing the analyzed territory on 
five risk classes for the five classes of probability of 
appearance of landslides, percentage of high risk 
class is noted for 35.6% of the territory, followed by 
very high risk class 25, 8% (Fig. 4). The nalyze 
realized for administrative territorial units from 
Intercommunity Association for Development Alba 
Iulia relieves the affected territories  from 
Meteș, Ighiu, Gârda de Jos, Cricău and Alba Iulia, 
which presents a very high risk class for o surface  
between 72 and 18 km2 (Fig. 6). In the high class 
category are included the administrative territorial 
units from Berghin, Meteș, Sebeș and Alba Iulia on 
surfaces between 51 and 33 km2. 
 Administrative territorial units that have 
high stability, thus falling within the class of very 
small risk and small risk on bigger surfaces that 15 
km2, are the lands lying in the corridors Mureș and 
Sebeș, where amid the low slopes, probability of 
occurrence landslide is much diminished.  
 
Figure 5. Map of induced risk by landslides 
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Regarding the identified risk on land use 
classes stands out classification in the high and very 
high classes exclusively for agricultural use.  
For land use such as pastures and broadleaf 
forests, stands out the employment within the same 
two risk categories, risk determined mainly by 
geology (marls, clays and sands), moderate 
slope, semisunny exposition, factors favoring 
directly the appearance, dynamic and activation 
of landslides. 
 
 
 
Figure 6. Framing administrative-territorial units on risk classes 
 
 
 
Figure 7. Framing land use classes on risk classes 
 
 
 
4. Conclusions 
 
The identification of induced risk by 
landslides was realized from full inventory of active 
landslides in 2015. By analyzing causal and 
releasing factors of landslides that affect the 
territory of Intercommunity Association for 
Development Alba Iulia, it was able to identify the 
influence of each category of each causal and 
releasing factor, applying bivariate statistical 
analysis which reveals the dependence of landslides 
to the effect of independent variable. 
 By using probability classes of occurrence 
of landslides, qualitatively were identified the risk 
classes corresponding each parcel, depending on its 
use and exposure to risk. 
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 The results, achieved in medium scale 
(1:25.000-1:50.000), are necessary for landscaping 
documentation, they are detailed in the general 
urban plans and local urban planning regulations of 
each county municipalities (art.3, H.G. 447/2003), 
which identifies problematic territories and 
choosing the easiest ways to mitigate negative 
effects. 
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